Measurements and main results -The relation between social environment and childhood overweight was studied using several indicators of obesity. Triceps, subscapular, the sum of triceps and subscapular skinfolds, and weight for height were used as dependent variables. The analyses were carried out in two stages. Firstly, multiple linear regression analyses were used to assess the factors associated with dependent variables treated as continuous. Secondly, multiple linear logistic regression analyses were used to examine the association between independent factors and overweight and fatness defined as binary variables. Birth weight, mother's body mass index (BMI), and father's BMI were consistently associated (p<0-001) in all models and were the variables that contributed most to the explained variation in the dependent variables. In the multiple regression analyses there was a consistent interaction between the effects of ethnic origin and family size on each outcome variable. In the logistic regression analyses the interaction was not significant, and highly significant associations between both overweight and fatness with the number of children were shown. Ethnic group was not significantly associated with overweight but it was with fatness. The strengths of the remaining significant associations were slight and inconsistent in relation to the dependent variables or the type of analysis. Conclusion -Very few variables were associated with measures of overweight and fatness. The only useful factor that was highly associated with all measures of fatness was the parents' BMI. Strategies to prevent childhood obesity should be aimed at the total population and special emphasis should be placed on families in which one or both parents are overweight.
growth cross sectional surveys. The "representative sample" comprised 1990 data from 22 English areas and 1990-91 data from 14 Scottish areas; the "inner city sample" comprised 1991 data from 20 English areas. Participants -The subjects were primary school children aged mainly 5-11 years living in England and Scotland. The "representative" sample included 10628 children -6463 living in England and 4165 living in Scotland. The "inner city" sample included 7049 children -2183 white, 1124 Afro-Caribbean, 2696 Indian subcontinent, and 1046 from other groups. Due to missing values on continuous variables, 8374 children were included in the analyses. Measurements and main results -The relation between social environment and childhood overweight was studied using several indicators of obesity. Triceps, subscapular, the sum of triceps and subscapular skinfolds, and weight for height were used as dependent variables. The analyses were carried out in two stages. Firstly, multiple linear regression analyses were used to assess the factors associated with dependent variables treated as continuous. Secondly, multiple linear logistic regression analyses were used to examine the association between independent factors and overweight and fatness defined as binary variables. Birth weight, mother's body mass index (BMI), and father's BMI were consistently associated (p<0-001) in all models and were the variables that contributed most to the explained variation in the dependent variables. In the multiple regression analyses there was a consistent interaction between the effects of ethnic origin and family size on each outcome variable. In the logistic regression analyses the interaction was not significant, and highly significant associations between both overweight and fatness with the number of children were shown. Ethnic group was not significantly associated with overweight but it was with fatness. The strengths of the remaining significant associations were slight and inconsistent in relation to the dependent variables or the type of analysis. Conclusion -Very few variables were associated with measures of overweight and fatness. The only useful factor that was highly associated with all measures of fatness was the parents' BMI. Strategies to prevent childhood obesity should be aimed at the total population and special emphasis should be placed on families in which one or both parents are overweight.
(J7 Epidemiol Community Health 1995; 49:466-473) Obesity is one of the most important public health problems of our time.' In adults, it increases the risk of coronary heart disease, type II diabetes, gall bladder disease, and some forms of cancer.`9 Although the effects of childhood obesity have been studied less, clinically obese children have also been shown to have an increased risk of long term morbidity and mortality."l2 Gortmaker et al '3 have shown that being overweight during adolescence has important social and economic consequences, which could be greater than those of many other chronic physical conditions.
Increases in the body mass index (BMI) have been reported in Britain for young adult women'415 and in Sweden for men during the 1980s. '6 The prevalence of obesity has also increased for children '7 and for adults'8 in the United States. Recently, increasing trends in weight for height and triceps skinfold have been reported for English girls and Scottish children. 19 The risk of overweight children becoming obese in adulthood is not well known. A study reported that only 21% of obese 36 In addition five wards were selected which had a high proportion of families from Indian subcontinent backgrounds, and five which had a high proportion of families from Afro-Caribbean backgrounds. The wards selected because oftheir ethnic composition also had characteristics of deprivation.29 This sample will be referred to as "inner city". For the present analysis, data were analysed together for the 1990 English, the 1990-1991 Scottish representative sample, and the 1991 English inner city sample.
MEASUREMENTS
Children were measured at school by school nurses and 10% of the measurements were checked by a full time fieldworker from the study team. Height was measured on a specially designed stadiometer (Holtain) using the method described by Tanner, Whitehouse, and Takaishi. 38 Height was recorded to the last 0 1 cm. Weight was recorded to the last 100 g: children were wearing underclothes, normally pants only. Triceps and subscapular skinfold thickness were measured as described by Tanner and Whitehouse,39 except that for the triceps skinfold the midpoint between the top of the acromion and olecranon was marked with the arm hanging straight rather than bent. Harpenden skinfold callipers were used for the measurements. Readings were recorded to the last 0-2 mm on the calliper scale.
OUTCOME VARIABLES
The weight for height index ((weight-9)/ height37, where height is in m and weight in kg) and triceps, subscapular, and triceps plus subscapular skinfold thickness standard deviation scores (SDS) were used as outcome variables. The weight for height index is a measure of overweight that includes an assessment ofmany tissues besides fat, and triceps and subscapular skinfolds are direct measures of fatness. We used four outcome variables in the analysis in order to check if there was a different pattern of association depending on the outcome measure used.
As height40 and weight4' each show increasing variation with age in children, it is necessary to transform data by including several age groups before the analysis. SDS expresses a measurement for a child, transformed as necessary to a normal distribution, as the difference from the reference group mean for that child's age and sex, divided by the SD for the age and sex, so that for the reference group mean SDS is zero and the SD is one.
Chinn et alt' showed that log ((weight-9)/ height37) has constant variance, and is approximately normally distributed, so SDSs were calculated from its distribution. SDSs for triceps skinfold thickness were calculated as described by Cole.42 This required smoothing the mean, the coefficient of variation and a third parameter accounting for skewness over age. All SDSs were calculated using the English 1990 data as standard.
EXPLANATORY VARIABLES
In addition to the children's measurements, the child's parent or guardian was asked to complete a self administered questionnaire containing questions relating the child's health and the social background of the family. The questionnaire also requested information concerning the parents' height and weight and the child's birth weight.
Explanatory continuous variables
The explanatory factors which were used in this study as continuous variables were the maternal and paternal BMI, the mother's age at child's birth, and the child's birth weight. Those children with missing values for continuous variables were excluded from the analysis. After all exclusions, data from 8374 (47-3%) children were available for analysis. Table 2 shows the number and percentage of inclusions and exclusions by sample. The highest number of exclusions was from the inner city sample -5187, 73 5%, compared to 41-1% for the Scottish sample and only 37-1% for the English one. This table also shows the mean (SEM) values for dependent variables according to whether they were excluded or included in the analysis. There were no significant differences between the mean values of those included and those excluded except for triceps skinfold which was less in those excluded in the inner city sample. The distribution of categorical variables between included and excluded children, however, was significantly different in most cases (p<OOO1). Table 3 gives the final model of the variables associated with weight for height (SDS) in multiple regression analysis. Weight for height (SDS) was significantly associated with mother's education (p<005), one parent family (p<OO5), mother's BMI (p<O-OO1), father's BMI (p<O0OO1), mother's hours of work (p<005). The family size effect was modified in relation to ethnic origin (p<0005). However, the interaction was mainly due to the effect of a heterogeneous group which included Arab, Chinese, Vietnamese, Somalis, Sudanese, and other children who could not be classified into any of the large groups in the analysis. When this group was excluded from the analysis, the interaction was not significant. An interaction between age and birth weight was also found to be significant (p<005). The increasing trend in weight for height with birth weight decreased with increasing age groups. Table 4 gives the final model of the variables associated with subscapular, triceps and the sum of subscapular and triceps skinfold. In these three models, four variables were consistently associated in all models: birth weight, mother's BMI, father's BMI, and mother's age at the child's birth. The first order interaction Table 5 shows the associations of over weight with independent variables using logistic regression analysis. In contrast to multiple regression analysis, social class was the only extra variable included in the final model (p<0 05). The interaction between family size and ethnic group was not significant and family size was included in the model, with a trend for the risk of overweight to decrease with increased family size (p<0-001). The interaction between birth weight and age was not significant and birth weight was included in the model. The risk of overweight increased with birth weight. Those children at the top quarter of birth weight had a nearly twofold risk of overweight. A protective effect was found for children whose mothers worked for fewer than 15 Multiple logistic regression analysis was also used to fit models for obesity defined by the upper quarter of subscapular, triceps, and the sum of triceps and subscapular skinfolds respectively. Birth weight and parent's obesity, as in the other models, were consistently associated in all three models. The interaction between family size and ethnic group was not significant, but family size and ethnic origin were independently associated in all three skinfold models (p<0-001). Scottish, Punjabi, and Urdu children were at higher risk of obesity in the sum of subscapular and triceps skinfold model. In contrast to the multiple regression analysis of the continuous variables, mother's hours of work and mother's age at the child's birth were significantly associated with the outcome variable in all three logistic models.
Categorical variables

Discussion
This analysis shows a consistent and highly significant association of all the measures of fatness with the parents's BMI and child's birth weight. In the multiple regression analysis there was also a consistent interaction between ethnic origin and family size for each of the dependent variables. In the logistic regression analysis the interaction was not significant and a highly significant association between overweight and fatness with number of children was shown. The strength of the remaining significant associations were slight and inconsistent in relation to the dependent variable or the type of analysis (multiple regression analysis or multiple logistic regression). Children in one parent families and those whose mothers worked outside the home were more overweight than other children, but these independent variables were not significant in relation to skinfold measurements. Older mothers had children with higher skinfold thickness values. Social class was significantly associated with weight for height in the logistic regression model, but with children of skilled manual fathers showing the highest percentage of overweight and those of unskilled manual workers one of the lowest.
The strengths of this analysis are the large number of children representing most sectors of English and Scottish society (including ethnic minorities), the large sample size studied, the large number ofindependent variables included in the analysis, and the high percentage of measurements taken from the eligible population. Of the remaining significant associations in our analysis, birth weight is one that is consistently associated with fatness. These results are consistent with other studies.3348 However, it is difficult to imagine a preventive action that can be derived from this association as most health actions are geared to decrease the percentage of light for date newborns in Britain. The significant interaction of birth weight and age on weight for height may indicate that birth weight is a less important factor in the overweight of older children. However, as the interaction was not significant in the assessment of skinfold thickness we are uncertain of this interpretation. The association of birth weight with fatness is puzzling in relation to the Barker hypothesis.49 Obesity is a known contributor to raised blood pressure and total cholesterol levels. Our result indicates that birth weight has a complex effect on risk factors associated with coronary heart disease.
The findings that children whose mother's work outside the home and those in one parent families tended to be more overweight is potentially important. The common characteristic of these two factors is that these children may spend long periods of time on their own and they may eat more frequently than other children. It is difficult to explain from our analysis, however, why this phenomenon is associated mainly with weight for height and not skinfold thickness (except mother's hours of work in the logistic regression). Because we included triceps and subscapular skinfold thickness, it is not possible to hypothesise that distribution of fat may be an explanation. At this stage we would only recommend health workers in the community to be aware of this finding, rather than to act on it.
Mother's age at delivery was related to skinfold thickness but not weight for height. We have consistently shown that the mother's age at delivery is associated with the child's height,50 but it is the first time that we have reported a relation with fatness. Our result suggests that the reason why the children of older mothers are taller may be related to the fact that these children are fatter and may be more advanced in their prepubertal maturation as it is well known that fat children, especially girls, tend to be more advanced in their physiological maturation.51 It is curious that this association, which was highly significant with skinfold thickness, was not significant with weight for height. We cannot provide an explanation for this finding that is unlikely to be due to chance.
In conclusion, very few variables are associated with measures of overweight and fatness. The only useful factor which is highly associated with all measures of fatness is the parent's BMI. This association may indicate that there are families who are susceptible to becoming obese. We believe that programmes to prevent obesity should take this factor into account. As the percentage of explained variation in our study is low, it would be unwise to focus prevention only on children whose parents are obese. Primary prevention strategies of childhood obesity should be aimed at the total population and special emphasis should be put on those families in which one or both parents is overweight. Any primary prevention programme, however, should be carefully evaluated and monitored. Only interventions of proved effectiveness should be supported. The rest of the variables associated with overweight or obesity do not provide potential for action or the inconsistency of the associations may only provide helpful pointers. Of these the most interesting finding is that children who spend a long time on their own may be more prone to become obese. To progress further, it is possible that measures which look at other events in the child's life such as physical activity, eating behaviour, and use of leisure time need to be developed for use in large surveys.
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